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(57) Abstract: A magnetic resonance imaging apparatus is 
provided with one or more electrical accessoiy devices, for 
example, catheters (10) or RF body coils (6), which are in- 
tended for use during the examination of an object, as well 
as with a connection lead (13) which is arranged so as to ex- 
tend through an examination zone (1) of the magnetic reso- 
nance imaging apparatus, which zone can be exposed to an 
RF field, and to connect the accessory device to a connection 
unit (12). In order to avoid heating of the connection lead 
(13) due to currents induced in the connection lead by the 
RF field, which currents could lead to injury of a patient or 
damage of the accessory device or the connection unit (12), 
the connection lead (13) comprises at least one lead segment (131. 132, ...) which has a length which is limited by at least one 
inductive coupling element, e.g. a transformer (141, 142. 161, 162, ...) and is unequal to n*/2. where denotes the RF wavelength 
and n = 1, 2, 3, 



10/531542 
JC12Rec'dPCT/PT: 1 5 APR 2805 



WO 2004/038443 PCT/IB2003/004589 

1 

CONNECTION LEAD FOR AN ELECTRICAL ACCESSORY DEVICE OP AN MRI SYSTEM 



The invention relates to a magnetic resonaace imaging apparatus which is 
provided with one or more electrical accessory devices such as, for example, RF body coils 
or catheters with coil elements which are intended for use during the examination of a patient 
or other object, as well as with a connection lead which is to be guided through an 

5 examination zone of the magnetic resonance imaging apparatus, which zone can be exposed 
to an RF field, and which lead is intended to connect the accessory device to a connection 
unit such as, for example, a power supply or control unit. 

A magnetic resonance (MR) imaging apparatus is used in particular for the 
examination and treatment of patients. The nuclear spins of the object to be examined are 

10 then aligned by a steady main magnetic field (Bo field) and are excited by RF pulses (Bi 
field). The relaxation signals thus formed are exposed to gradient magnetic fields for the 
purpose of localization and are received in order to form in known maimer therefirom an 
image of the tissue examined. 

Essentially two types of construction can be distinguished, that is, the so- 

15 called open MR systems (vertical systems) in which a patient is introduced into an 

examination zone which is situated between the ends of a C-arm and hence is accessible firom 
practically all sides, that is, also during the examination or treatment, and also MR systems 
which comprise a tubular examination space (axial systems) in which the patient is 
introduced. 

20 RF coil systems serve for the transmission of the RF signals and the reception 

of the relaxation signals. In addition to the RF coil systems which are permanently built into 
the MR imaging apparatus, use is also made of RF body coils which can be flexibly arranged, 
for example, as a sleeve or pad around or on the region to be examined. 

Furthermore, use is made of catheters which are introduced into the patient, 

25 for example, in order to take a sample of tissue during the imaging and which comprise a coil 
element, an oscillator or the like at the area of their tip for the purpose of localization in the 
image formed. 
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Accessory devices of this kind and other kinds are to be connected, via an 
electrical connection lead, to a connection iinit, notably a power supply, a receiving device 
and/or a control device, which is situated outside the examination zone. 

A problem in this respect is posed by the fact that the electrical field generated 
5 by the RF coil systems induces RF currents in the electrical connection lead leading to the 
relevant accessory device; these currents involve not only the risk of disturbances or 
destruction of the accessory device and the connection unit, but notably can give rise to 
substantial heating of the connection lead and, in the case of body coUs and catheters, to 
burning of the patient when the leads are too close to the patient. 

10 

United States patent 6,284,971 discloses various coaxial cables for use in 
magnetic resonance imaging where the risk of burning of a user is to be avoided by a 
different configuration of the outer insulation of the cable. This outer insulation consists of a 

15 cylindrical iimer shielding portion which encloses the conductor as well as of a segmented 

outer shielding portion, which portions are coimected to one another. Between these shielding 
portions there may be situated a dielectric material having a comparatively high relative 
permitivity. In other embodiments conductive elements are provided at the ends of the 
segmented outer shielding portions, or such ends are connected to the inner shielding portion 

20 via a capacitor. 

Cable structures of this kind, however, are comparatively voluminous, 
complex and expensive and the results that can be achieved thereby in respect of suppression 
of signals induced by the RF pulses are ofi:en inadequate, in particular in the case of high RF 
field strengths. 

25 

Therefore, it is a general object of the invention to provide a possibility of 
avoiding at least substantially the risk to a patient which is caused by the heating of leads 
guided through an examination zone of a magnetic resonance imaging apparatus. 
30 It is notably an object to provide a magnetic resonance imaging apparatus with 

one or more accessory devices, such as RF body coils and catheters, in which the currents 
induced by RF pulses (B\ field) in the connection leads leading to these accessory devices do 
not constitute a risk for the patient or the accessory device or the connection unit. 
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It is also an object to provide an accessory device of the kind set forth with an 
electrical connection lead which enables an at least substantially disturbance-free connection 
to be established with a connection unit, for example, a power supply device, receiving 
device and/or control device, during use in an examination zone of an MR imaging apparatus, 
that is, without the risk of burning of a patient by the coimection lead or of damaging of the 
connection unit by RF currents induced in the coimection lead. 

The object is achieved in conformity witii claim 1 by means of a magnetic 
resonance imaging apparatus which is provided Avith at least one electrical accessory device 
for use dxjring the examination of an object, as well as with a connection lead which is to be 
guided through an examination zone of the magnetic resonance imaging apparatus, which 
zone can be exposed to an RF field, and which lead is intended to connect the accessory 
device to a comiection unit, at least one lead segment, having a length which is limited by at 
least one inductive coupling element and is unequal to n*Ay2, being comiected in the 
connection lead, where X denotes the RF wavelength and n = 1, 2, 3, 

The object is also achieved by means of an RF body coil acting as an 
accessory device in conformity with claim 10, and by means of a catheter with a transmission 
and/or receiving unit acting as an accessory device in conformity with claim 1 1 . 

Special advantages of these solutions consist inter alia in that the endangering 
of the patient by heating of the connection lead is reliably precluded for practically all field 
strengths of the RF field so that the connection lead can be installed directiy in the bed of the 
patient. The risk of damaging of a connection unit connected to the comiection lead, notably 
by RF currents induced in the comiection lead, is at least substantially precluded. 
Furthermore, in comparison with other solutions, for example, an optical transmission link 
with optical fibers, significantiy fewer modifications of the components to be coimected are 
required. Finally, the connection lead in accordance with the invention can also be realized so 
as to have a very small cross-section (for example, less than 2 mm); this is of importance in 
particular witii a view to the application involving catheters. 

The dependent claims relate to advantageous further embodiments of the 

invention. 

The development of heat around the conductor segment is particularly 
effectively suppressed by means of the embodiment disclosed in claim 2. 

The claims 3 to 5 relate to preferred embodiments of the inductive coupling 
element, whereas claim 6 discloses preferred embodiments of the connection lead. 
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The embodiment in conforaiity with claim 7 is particularly advantageous 
whenever the connection lead also has to conduct a direct voltage. 

The embodiment disclosed in claim 8 frnther enhances the transmission of the 
signals to be evaluated, for example, the MR relaxation signals picked up by a body coil. 
5 Finally, claim 9 discloses two preferred accessory devices. 



Further details, features and advantages of the invention will become apparent 
from the following description of preferred embodiments which is given with reference to the 
10 drawing. Therein: 

Fig. 1 is a diagrammatic side elevation of an MR imaging apparatus; 

Fig. 2 is a diagrammatic representation of an accessory device; 

Fig. 3 shows a first equivalent diagram of a coimection lead in accordance 
with the invention; 

15 Fig. 4 is a diagrammatic representation of a first embodiment of the • 

connection lead; 

Fig. 5 is a diagrammatic representation of a second embodiment of the 
connection lead; 

Fig. 6 shows a transformer used in the connection lead in conformity with the 

20 Figs. 4 and 5; 

Fig. 7 is a diagrammatic representation of a third embodiment of the 
connection lead, and 

Fig. 8 show^ a second equivalent diagram of a connection lead in accordance 
with the invention. 

25 

Fig. 1 shows the components of an open MR imaging apparatus which are of 
essential importance in relation to the generation and picking up of magnetic fields in an 
examination zone 1 . Above and undemeath the examination zone 1 there are provided 
30 respective magnet systems 2, 3 which serve to generate an essentially uniform main magnetic 
field (Bo field for magnetizing the object to be examined, that is, for aligning the nuclear 
spins) whose magnetic flux density (magnetic induction) may be of the order of magnitude of 
from some tenths of Tesla to some Tesla. The main magnetic field essentially extends 
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through a patient P in a direction perpendicular to the longitudinal axis of the patient (that is, 

in the X direction). 

Planar or at least approximately planar RF conductor structures (surface 
resonators) in the form of RP transmission coils 4 serve to generate RF pulses (Bi field) of 
the MR frequency whereby the nuclear spins are excited in the tissue to be examined, said 
RF transmission coils being arranged on the respective magnet systems 2 and 3. RF receiving 
coils 5 serve to pick up subsequent relaxation events in the tissue; these coUs may also be 
formed by surface resonators provided on one of the magnet systems 2, 3. A common 
RF surface resonator can also be used for transmission and reception if it is suitably svdtched 
over, or the two RF surface resonators 4, 5 can serve for the alternating transmission and 

reception in common. 

Furthermore, for the spatial discrimination and resolution of the relaxation 
signals emanating from the tissue of a patient P (localization of tiie excited states) there are 
also provided a plurality of gradient magnetic field coils 7, 8 whereby tiiree gradient 
magnetic fields are generated which extend in the direction of the x axis. A first gradient 
magnetic field then varies essentially Imearly in tiie direction of the x axis, while a second 
gradient magnetic field varies essentially linearly in the direction of tiie y axis, and a third 
gradient magnetic field varies essentially linearly in the direction of tiie z axis. 

Electrical accessory devices are required for given examinations. Such devices 
are, for example, RF body coils 6 vMch are used in addition to or as an alternative for the 
planar RF receiving coils 5 and which are arranged as RF receiving coils directly on the 
patient P or the zone to be examined. These RF body coils 6 are generally constructed as 

flexible pads or sleeves. 

Furthermore, in order to carry out the treatment on the patient P or to extract a 
tissue sample or to determine tissue parameters, use is often made of a catheter 10 vMch is 
introduced into the patient and whose position is to be visualized on a display screen. 

Various passive and active methods are known for this purpose. 

In the case of a passive metiiod, for example as described in WO 99/19739, 
one or more small resonant oscillatory circuits on the tip of the catheter can be made visible 
in the MR image because of the fact that they lead to an increase of the RF field (Bi field) in 
their direct vicinity during MR imaging, and hence also increase the magnetization of the 
neighboring nuclear spins. The transmission and/or receiving unit 1 1 is then formed by a 
receiving coil in the sunplest case. However, it may additionally comprise sensors which pick 
up given properties of the surrounding tissue. 



wo 2004/038443 PCT/ra2003/004589 

6 

In the case of an active method it is possible to switch between two modes of 
operation in an altemating fashion, for example, by means of a switching imit 41 which is 
connected to the catheter 10 by way of a &st output A and to the RF transmission coils 4 by 
means of a second output B. In the first mode of operation an MR image is generated in 

5 known manner by means of the MR apparatus, whereas in the second mode of operation a 
local nuclear magnetization is excited, using an activated transmission and/or receiving 
unit 1 1 which is arranged on the tip of the catheter, by transmission of RF pulses, the 
resultant relaxation events being received by the RF receiving coils 5, 6. The signal received 
itself serves to reproduce the position of the tip of the catheter in the MR image. 

10 Fig. 2 is a diagrammatic representation of an accessory device in the form of a 

catheter. On the tip of the catheter (or in a location at a slight distance therefirom) there is 
arranged a transmission and/or receiving unit 11, for example, in the form of a microchip on 
which the necessary components (and possibly also the sensors) are realized. At the end of 
the catheter which is situated outside the patient there is provided a connection unit 12 in the 

1 5 form of a power supply unit and/or a receiving device and/or a control device which is 

connected, via a connection lead 13 which is guided through the catheter, to the transmission 
and/or receiving xmit 1 1 and via which the transmission and/or receiving unit 11 is activated 
and possibly the measuring values firom the sensors are conducted. 

In the case of an accessory device in the form of RF body coils 6, such coils 

20 are also connected, via an electrical connection lead 13, to a corresponding connection 
unit 12 (power supply, receiving device and/or control device). 

Fig. 3 shows a first electrical equivalent diagram of a connection lead 13 in 
accordance with the invention; the operating principle of the embodiments shown in the 
Figs. 4, 5 and 7 will be illustmted on the basis thereof. 

25 The RF pulses (Bi field) transmitted by the RF transmission coils 4 induce, for 

example, in an RF body coil 6 as well as in the part of the connection lead 13 which extends 
through the field of the RF transmission coils 4, a common mode^signal which is generated 
by a first voltage source Ui in the equivalent diagram. The common mode signal causes a 
corresponding first current Ii in the connection lead 13. The signals induced by the 

30 subsequent MR relaxation events in the RF body coil 6 (differential mode signals) are 

represented by a second voltage source U2 (useful voltage) in the equivalent diagram and 
give rise to a second current I2 in the connection lead 13. 

The connection lead 13 has a plurality of lead segments 131, 312, .... The 
length of these segments is unequal to n*X/2 (n = 1, 2, 3, ...), where X is the wavelength with 
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which the RF pulses are transmitted. The segments 131, 132, ... are, therefore, non-resonant 
for the common mode signal. The length of the segments is preferably as small as possible 
and lies notably between 7JA and 7J%. Respective transformers 141, 142, are provided for 
connecting the individual lead segments 131, 132, ... to one another; the differential mode 
signals can be transmitted via said transformers so as to be conducted via the connection 
lead 13. The transformers 141, 142 are proportioned such that the coupling capacitance C 
between the primary side and the secondary side is as small as possible and preferably not 
smaller than 250 Ohm (or larger than 250 Ohm in an absolute sense). 

A significant temperature mcrease at the area of the patient is thus avoided 
even in the case of high RF field strengths (for example, 3 Tesla) as well as in the case of a 
large number of RF coils 4, thus avoiding damaging and/or failure of the accessory device 6 
and the connection unit 12. 

In the case where the RF body coil is composed of a plurality of individual 
conductor segments (antenna segments) which can be connected to one another or separated 
from one another by means of diodes in order to achieve given reception characteristics, the 
power supply and the switching of the diodes can be realized by means of altemating voltage 
signals which are generated by the connection unit 12 and conducted via the connection 
lead 13. At a frequency of, for example, 2 MHz of the power supply and of, for example, 
20 MHz of the switching voltage (that is, frequencies clearly beyond the range of the MR 
frequency, but within the transmission bandwidth of the connection lead), the connection 
lead 13 exhibits no significant attenuation in this respect 

The connection lead 13 can be realized, for example, in conformity with a first 
embodiment as shown in Fig. 4. This is a two-wire lead (for example, a twisted pair), three 
lead segments 131, 132, 133 of which are shown. The lead segments are coupled to one 
another via a respective transformer 141, 1412 whose primary and secondary windings LI, 
L2 terminate the respective lead segment. Optionally, the lead segments 131, 132, 133 may 
be provided with a shield 151, 152, 153; the shields then overlap one another in a contactless 
manner at the area of the transformers 141, 1412. 

Fig. 5 is a diagranmiatic representation of a second embodiment of the 
invention in which a coaxial cable is used as the connection lead 13 instead of the two-wire 
lead shown in Fig. 4. In this case the primary and secondary windings LI, L2 of the 
transformers 141, ... are connected between the conductor Lt and the shielding A of the 
individual segments of the coaxial cable. 
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In conformity with Fig. 6 the transformers 141, 142 may comprise, for 
example, a toroid T on which the primary winding LI and the secondary winding L2 are 
wound. The two windings LI, L2 may also encompass the entire toroid T and be arranged 
one over the other. 

5 The material of the toroid T should have an as low as possible relative 

pemiitivity and the winding wires should be as thin as possible. An attenuation of less than 
1 dB can thus be achieved. In the ceise of transformers which are situated outside the range of 
the main magnetic field, the toroid may also be made of a magnetic material whereby 
particularly favorable properties can be achieved. 
10 Alternatively, if desired, a metallic transformer core can also be dispensed 

with and the transformer may be composed of air coils wound arovind a coil former made of a 
foamy material. 

At both ends of the connection lead 13 the transformers may be constructed so 
as to form part of the RP body coil 6 (or a transmission and/or receiving unit 1 1 of a. - 
1 5 catheter 1 0) or of a connector on the connection vmit 12. t 
When the (discrete) transformers 141, 142, ... are not desired along the 
connection lead 13 for mechanical or other reasons, it is possible to realize the transformers 
in the form of conductor loops 161, 162, .... Fig. 7 shows such a third embodiment of the 
connection lead 13; this embodiment is advantageous notably when the connection lead 13 
20 must have a particularly small cross-section. . -M 

This connection lead 13 is again composed of a plurality of lead segments 131, 
132, 133 with two cores, which are short-circuited at the respective ends of each lead 
segment The conductor segments are again inductively coupled to one another. To this end 
use is made of said conductor loops 161, 162 which are arranged each time over end zones of 
25 neighboring lead segments 131, 132 and 132, 133 etc. This connection lead 13 can be 

realized, for example, by way of a strip-like board or other, also flexible carrier material (for 
example, a foil) which is provided on one side with the lead segments 131, 132, 133, ... and 
with the conductor loops 161, 162, ... on the other side. 

Optionally, shields 171, 172; 173, 174 may also be provided in this third 
30 embodiment, said shields being arranged on the conductor loops 161, 162 and/or the lead 
segments 131, 132, 133. 

Finally, Fig. 8 shows a second equivalent diagram illustrating a fourth 
embodiment of a connection lead in accordance with the invention. 
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In this equivalent diagram the voltage generated by a first voltage source Ui 
again represents the voltage vMch is induced, by the RF pulses emitted by the RF 
transmission coils 4, in an RF body coil 6 as well as in the part of the connection lead 13 
which extends through the field of the RF transmission coil 4 (common mode signal). A 
second voltage source U2 represents the (differential mode) signals induced in the RF body 
coil 6 by the MR relaxation events. The two lead segments 131, 132 shown in Fig. 8 are 
again connected to one another via a transformer having a primary winding LI and a 
secondary winding L2 in conformity with the foregoing description. The transformer is 
shown in the form of a known T equivalent circuit consisting of a parallel mutual 
mductance M of the two windings LI, L2 as well as the serial inductances Ll-M and L2-M. 

Essential in this respect is a first capacitor CI which is cormected in series 
with the first lead segment 13 1, as well as a second capacitor C2 which is connected in series 
in the second lead segment 132. The capacitance of the capacitors is chosen to be such that 
they form a resonant circuit in conjunction with the inductance of the transformer, that is, 

l/coCl = coLl and 1/qC2 = coL2, and that this resonance condition is satisfied for the circuit 
frequency co of a signal to be conducted via the connection lead, that is, for the differential 

mode signal, but not for the common mode signals. 

A very high and at the same time very narrowband coupling of the lead 

segments 131, 132 can thus be achieved for the MR relaxation signals. Moreover, the 

coupling capacitance C between the windings LI, L2 of the transformer can thus be kept 

even smaller. 

In as far as direct voltage signals are to be conducted via the connection 
lead 13, for example, in order to bias diodes between parts of the body coil 6, the two 
capacitors CI, C2 as well as the intermediate transformer can be bridged by means of ohmic 
resistances R. In respect of the bridging of the transformer, of course, this also holds in this 
sense for the first equivalent diagram shown in Fig. 3 (not depicted therein). 

The described connection leads ofifer special advantages for the application of 
switchable RF body coils 6 which are used notably in the case of SENSE (Sensitivity 
Encoding) imaging methods, because on the one hand disturbance-fi:ee power supply and 
switching over of the various parts of the RF body coils 6 by means of diodes as well as the 
transfer of the received relaxation signals is thus possible as described above, while on the 
other hand there is no risk of the patient bemg burnt due to resonance effects caused by the 
RF power emitted by the RF transmission coil 4 and the inherent heating of the connection 
lead 13. The connection lead 13 can thus be arranged directly in the bed of the patient The 
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risk for the accessory device 6, 1 1 or the connection unit 12 is also precluded to a high 
degree. The same also holds for high RF field strengths. 

The use of such connection leads reqxiires substantially fewer system 
modifications than, for example, the optical transmission of the relevant signals firom and to 
5 the RF body coils, catheters or other accessory devices. 

In comparison with the known solutions, notably the connection leads 13 in 
conformity with the first up to and including the third embodiment have a comparatively 
large bandwidth so that, for example, it is also possible to transfer a plurality of receiving 
signals via a connection lead. 
10 Finally, the same or even simpler connectors can be used for connecting the 

connection lead 13 to the relevant connection unit 12 (power supply, receiving device and/or 
control device). 
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CLAIMS: 



1 . A magnetic resonance imaging apparatus which is provided with at least one 

electrical accessory device (6; 1 0, 1 1) for use during the examination of an object, as well as 
with a connection lead (13) which is to be guided through an examination zone (1) of the 
magnetic resonance imaging apparatus, which zone can be exposed to an RF field, and which 
5 lead is intended to connect the accessory device (6; 10, 1 1) to a connection unit (12), at least 
one lead segment (131, 132, ...), having a length which is limited by at least one inductive 
coupling element (141, 142, 161, 162, ...) and is unequal to n*X/2, being connected in the 
connection lead (13), where X denotes the RF wavelength and n = 1, 2, 3, .... 

10 2. A magnetic resonance imaging apparatus as claimed in claim 1, in which the 

length of the lead segment (131, 132, ...) is in the range of from X/4 to ^8. 

3, A magnetic resonance imaging apparatus as claimed in claim 1, in which the 
inductive coupling element is a transformer (141, 142, ...). 

15 

4, A magnetic resonance imaging apparatus as claimed in claim 3, in which the 
transformer (141, 142, ...) is formed by a toroid as well as a primary and secondary winding 
woxmd thereon. 

20 5. A magnetic resonance imaging apparatus as claimed in claim 1, in which the 

inductive coupling element is a conductor loop (161, 162, ...). 

6. A magnetic resonance imaging apparatus as claimed in claim 1, in which the 
connection lead (13) is a two-wire lead or a coaxial lead. 

25 

7, A magnetic resonance imaging apparatus as claimed in claim 1 , in which the 
inductive coupling element (141, 142, 161, 162, ...) is bridged by ohmic resistors (R) in 
order to transfer direct voltage signals via the connection lead (13). 



wo 2004/038443 PCT/IB2003/004589 

12 

8. A magnetic resonance imaging apparatus as claimed in claim 1, in which the 
inductive coupling element (141, 142, 161, 162, ...) is connected so as to form a resonant 
circuit in conjunction with at least one capacitive element (CI, C2), the resonance condition 
of said resonant circuit being satisfied for the firequency of a signal to be transferred via the 

5 connection lead (13). 

9. A magnetic resonance imaging apparatus as claimed in claim 1 , in which the 
accessory device is an RF body coil (6) or a catheter (10) with a transmission and/or 
receiving unit (1 1). 

10 

10. A body coil which forms an accessory device for use during the examination 
of an object by means of a magnetic resonance imaging apparatus, provided with a 
connection lead (13) which is arranged so as to extend through an examination zone (1) of 
the magnetic resonance imaging apparatus, which zone can be exposed to an RF field and to 

15 connect the body coil (6) to a connection unit (12), at least one lead segment (13 1, 132, ...), 
having a length which is limited by at least one inductive coupling element (141, 142, 
161, 162, ...) and is unequal to n*A/2, being connected in the connection lead (13), where X 
denotes the RF wavelength and n = 1, 2, 3, 

20 1 1 . A catheter ( 1 0) with a transmission and/or receiving unit (11) which forms an 

accessory device for use during the exanoination of an object by means of a magnetic 
resonance imaging apparatus, provided with a connection lead (13) which is arranged so as to 
extend through an examination zone (1) of the magnetic resonance imaging apparatus, vsdiich 
zone can be exposed to an RF field, and to connect the transmission and/or receiving 

25 unit (1 1) to a connection unit (12), at least one lead segment (131, 132, ...), having a length 
v/hxch is limited by at least one inductive coupling element (141, 142, 161, 162, ...) and is 
unequal to n*X/2, being connected in the connection lead (13), where X denotes the RF 
wavelength and n = 1, 2, 3, 
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